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Low spurious charge pump 

The present invention relates to a low spurious charge punip for low 
phase noise phase ioc^ed loops (PLL)* Such o charge pump con be used in 
5 analog PLL design, solid state circuits, ASIC, integrated circuits, etc. 

IEEE paper " A 1.4gHz Differential Low noise CMOS Prequenc/ 
Synthesiser using a wideband PLL orchrtecture'' from the authors Li Lin et al. 
published at the 2000 IEEE International Solid State Circuits conf ero l rTc e^ de scribes 
PLL charge pumps which are built around a simple cascoded current source. 
10 Such a PLL charge pump is schematically shown in appended figure 1 . Any 
vorioHon of the voltage of the drain node Al or Bl of the current source 
transistor M1 0 or M20 due to a voriotion of the output voltage is limited by the 
coscode transistor M40 or M60. A switch transistor M30, M50 placed in parallel 
with a coscode transistor, respectively M40, M60 is deviating or not the current 
15 pumped by M10 or injected by M20 according to the control signoL 

This method allows to control that the current of Ml Or or M20 is well 
pumped from or injected to the output node or not. Despite the* presence of the 
coscode transistors M40, M60, this pumping or infection of will induce o change 
on the voltage on the node Al or Bl . This will generate some voltage transients 
20 on the node and consequently spurious on the output current. 

The low spurious charge pump is o pump of a specific structure for 
reducing current spurious on the output node. 

The phase locked loop charge pump of the invention^ is a pump 
comprising a drain node and at least a coscode transistor for limiting the 
25 voriotion of the voltage of said drain node, sold charge pump breing 

chorocterised in that on intermediate switch transistor is ploced between the 
drain node and the coscode transistor. 

Advantageously, the charge pump comprises a first node, o second 
node, a branch connecting the first node with the second node, said branch 
30 comprising a first cascod^ transistor and a second coscode transistor, a first 
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switch transistor placed in parallel to the first cascode transistor^ and a second 
svsntch tronsistor placed in parallel to the second cascode transistor. At least an 
internnediate switch transistor Is ploced between the drain node and o cascode 
transistor, in parallel to the first switch transistor or to the second switch 
5 transistor. 

The presence of the said intermediate switch transistors and the said 
switch transistors placed in parallel with the cascode transistor (moin switch 
transistors) advontogeously lowers the spurious on the output curr^rif-dt^e^ 
transition of the control signoL The intermediate switches and the main switches 

10 are advantageously controlled in a complementary way, so that the chorges 
releosed by the switches opened at one transition of the control signal are 
pumped by the corresponding complementary switches at the same time. 

Preferobly, ihp chorge pump comprises two intermediate switch 
transistors/ a first intermediate transistor being placed i:>etween tKe first node and 

15 the first cascode transistor, said first intermediote transistor beirig* placed in 
parallel to the first switch transistor, while the second intermedi^e switch 
transistor being placed between the second node.and the second cascode 
transistor, soid second intermediate transistor being placed in porallel to the 
second switch transistor. 

20 According to on embodiment, the first switch transistor in parollel to 

the first cascode transistor and/or the second switch transistor in parallel to the 
second cascode transistor is connected to a further cq^code transistor in parallel 
to the first and/or second cascode transistor. 

Preferably, the first switch transistor (in parallel to the first cascode 

25 transistor) and a further cascode transistor form a dummy branch in parallel to 
the first cascode transistor and the first intermediate (switch) transistor, said 
dummy branch having connections so as to be controlled by the complement 
signal of the signal controlling the first intermediate switch transistor and/or the 
second switch transistor (in parallel to the second coscode trortsistor) and o 

30 further cascode transistor form a dummy branch in parallel to the second 



cascode transi'storand the second intermediate transistor, said dummy branch 
hoving connections so as to be controlled by the complement signal of the signal 
controlling the second intermediate switch tronsistdr. 

The invention relates also to electronic ond/or integrated circuits 
comprising a charge pump according to the invention. For exomple, the 
invention relotes to o current source elementary cell. The charge ptimp of the 
invention con be realised on a support, such as a silicon support, d silicon 



surface, etc. 

Details and characteristics of the invention will appear frorn the 
10 following description in which reference is made to the attached drawings, 
wherein: Figure 1 is, a schematic view of a known PLL charge pump/ and 

Figure 2 is a schemotic view of a PLL charge pump of the invention. 
The charge pump elementary current source cell of figure 2, shown as 
example only, has a specific structure that reduces the artifacts of the charge 
15 injections and clock feedthrough. This improves the phase noise of the phase 
locked loop (PLL) where this charge pump structure is used. Simulations and 
measurements demonstrate the effective benefit of this structure. 

The charge injection and the clock feedthrough ore effectively reduced 
by the use of a specific switched cascode structure shown in figure 2. 
20 The cell of figure 2 comprises: 

- a drain node A with a current source transistor Ml , 

- a drain node B with a current source transistor M2, 

- a branch connecting the node A to the node B, said branch comprising a first 
cascode transistor M4 and a second cascode transistor M6,'a first 

25 intermediate switch transistor M3 being placed between the cascode transistor 
M4 and the current source transistor Ml, wfiile o second intermediate switch 
transistor M5 is {placed between the current source transistor M2 and the 
cascode transistor M6, 

- a first dummy branch parallel to the first cascode transistor'M4 and the first 
30 intermediate transistor M3, said dummy branch having a dummy cascode 
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transistor M4' and a dummy switch transistor M3\ said carefjlly imatched 
dummy output branch being controlled by the complement of the down 
control signol on the transistor M3, 
- a second dummy branch paralld to the second cospode transistor M6 and 
5 the second intermediate transistor M5« said dummy branch havin'g a dummy 
cascode transistor M6' and a dummy switch transistor M5^, said carefully 
matched dummy output branch being controlled by the complement of the up 
control signal on the transistor AA5. jts^Mji — . .. 

By using this structure, it is possible to make the bios condtf tons of the 
10 current source independent from the control signals (UP and DOWN), which 
avoids any problem of recovery time. 

Moreover, thcf dummy switch M3' pumps the chorges releosed by the 
main switch (intermediate switch) M3 at the transition of the control signol. This 
lowers the amount of charges injected into the output node, as the dummy switch 
15 reduces the impedonce of the current source drain n^ode A relatively to the 
cascode transistor source M4 for the time of the control signal transition. 
Dummy coscode transistor M4' ovoids that the voltage of the n6de A' is varying 
when the control signal is changing the path of the current pumped by the 

current source transistor M1 , When the control signal DOWN is iow, the current 

* » * 

20 pumped by the current source Ml is deviated from the dummy branch. In this 

configuration, the cascode transistor M4' is taking over the voltage drop between 
the power supply node and the dummy switch MS*. When the control signal 
DOWN is high, the current pumped by the current source Ml is deviated from 
the output. The cascode transistor M4 is then taking over the voltage drop 

25 between the output node and the switch transistor M3. By symrhetry between the 

dummy branch M3', M4' and the output branch M3, M4, the voltage drop on 

the cascode trapsistors M4 and M4* is such that the potential of the node A is not 

changing at ony time. Consequently, the bios condition of the burrent source Ml 

is not depending on the control signal. This avoid variation and IspOrious on the 

» 

30 current pumped by Ml . 
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The dummy switch M5' releases chorges which ore pumped by the 
moin transistor (intermediate switch transistor) M5 at the transition of the control 
signal. Said dummy switch M5' reduces also the impedance of the current 
source drain node B relatively to the cascode transistor source M6 fbr.the time of 
5 the control signal transition. , . ' 

Dummy cascode transistor M6' avoids that the voltage of the node B is 
varying when the control signal is changing the path of the current injected by 
the current source transistor M2. When the control signal UP is lov^'r'the-current 
injected by the current source M2 is flowing to the dummy branch. In this 

10 configuration, the cascode transistor M6' is taking over the voltage drop between 
the dummy switch M5' and the ground. When the control signal UP is high, the 
current injected by the current source M2 is deviated from the output. The 
cascode transistor M6 is then talcing over the voltage drop between the switch 
transistor M5 and the output node. By symmetry between the dummy branch 

15 M6' and the output branch M5, M6, the voltage drop on the cascode 

transistors M6 and M6' is such that the potential of the node B is not changing at 
anytime. Consequently, the bios condition of the current source M2 is not 
depending on the control signoL This avoid variation and spurious on the current 
pumped by M2. 

20 Main advantages of the use of dummy bronches and the use of 

(intermediate) switch transistors inside the cascode structure of fi^ 2 ore: 

- better control of the charge injections ; 
no channel recovery problem ; 

- improved phase noise (for less phose noise on the PLL) ; 
25 - keep current constant ; 

- emulate load ; 

- look for symmetry on the circuit ond a better control of the impedance at the 
aritical nodes ; 

- Said advantages ore obtained with a power-consumption equal or higher 
3 0 than that of the PLL of figure 1 . 
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CLAIMS 

1 . Phase locked loop charge pump comprising a drain node (A, B) 
and at least a cascode transistor (M4, M6) for limiting the variation of the voltage 

5 of said drain node, CHARACTERISED IN THAT on intemiediate switch 
transistor (M3, M5) is placed between the drain node (A, B) and the cascode 
tronsistor (M4, M6). 

2. The chorge pump of doim 1 , said charge pump comprising a first 
10 node (A), a second node (B), a branch connecting ^e first node with the second 

node, said branch comprising a first coscode transistor (KM) and a second 
coscode transistor {M6}, a first switch tronsistor (M3') placed in parollel to the first 
cascode transistor (M4), and a second switch transistor (MSO placed In parallel to 
the second cascode transistor (M6), CHiflRACTERISED IN THAT ot least on 
1 5 intermediate switch transistor (M3, M5^ is placed between the drain node (A,B) 

and a cascode transistor {M4,M6), in pcirallel to thp firet switch 'transistor (M3') or 
to the second svwtch transistor {AA5'). 

3. The charge pump of claim 2, CHARACTERISED IN THAT it 

20 comprises two intermediate switch transistors (M3, M5), a first intermediate 
transistor (M3) being placed between the first node (A) and the first coscode 
tronsistor (M4), said first intennediat© transistor (M3) being placed in parallel to 
the first switch transistor (M3'), while the second intermediate switch transistor 
(M5) being placed between the second nod© (B) and the secortd coscode 

25 tronsistor (M6), said second intermediate transistor (M5) being pibced in parallel 
to the second sv/itch transistor (MS'). 

4. The charge pump of claim 3, CHARACTERISED IN THAT the first 
switch transistor (M3') in porollel to the first cascode transistor (M4) and/or the 

30 second switch transistor (MS*) in parallel to the second cascode transistor (M6) is 
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connected to a further coscode transistor M6') in parallel to the first and/or 
second coscode transistor (M4« M6). 

t 

5. The charge pump of doim 4, CHARACTERISED IN THAT the first 
5 switch transistor (M3') in porollel to the first coscode transistor (AA4) and o further 

coscode transistor {M4') form a dummy branch in parallel to the first coscode 
transistor (M4) and the first intermediate tronsistor (M3), said dummy branch 
hoving connections so as to be controlled by the complement signal of4he signal 
controlling the first intermediate transistor (M3) and/or the second switch 
10 transistor {M5') in parallel to the second coscode transistor {M6) and a further 

coscode transistor {M6') form a dummy branch in parallel to the second coscode 
transistor (M6) and the second intermediate transistor [M5), said dummy branch 
having connections so as to be controlled by the complement signol of the signal 
controlling the second intermediote switch transistor (M5). 

15 

6. Electronic and/or integrated circuit comprising a charge pump 
according to any one of the claims 1 to 5. 
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ABSTRACT 

Low spurious chorae pump 

Phase locked loop charge pump comprising a drain node (A, B)'and 
5 at lea^t a cascode transistor M6) for limiting the variotion of the voHoge of 
said drain node, charocterised in that an intermediate switch transistor (M3, M5) 
is placed between the drain node (A, B) and the cascode transistor (M4, M6). 



